Abstract-In the cytochrome P-450-reconstituted system, CCI4 stimulated NADPH-dependent lipid peroxidation of the system containing the P-450 form to a much greater extent than that of the system containing the P-448 form. When the P-450-reconstituted system was preincubated in the presence of both NADPH and CC14, 7-ethoxycoumarin 0-deethylase, aminopyrine N-demethylase and aniline hydroxylase activities were decreased by 40-60%, whereas, with P-448 form reconstituted system, no suppression was observed in these enzyme activities or in 7-ethoxyresorufin 0-deethylase activity.
to a much greater extent than that of the system containing the P-448 form. When the P-450-reconstituted system was preincubated in the presence of both NADPH and CC14, 7-ethoxycoumarin 0-deethylase, aminopyrine N-demethylase and aniline hydroxylase activities were decreased by 40-60%, whereas, with P-448 form reconstituted system, no suppression was observed in these enzyme activities or in 7-ethoxyresorufin 0-deethylase activity.
These observations suggest that the P-450 form, but not the P-448 form, is active in metabolizing CC14 to a reactive species that subsequently impairs the hemoprotein.
Hepatotoxicity of CCI4 is mainly mediated by active metabolites formed during the bio transformation process. The microsomal cytochrome P-450-containing monooxy genase system is considered to be involved in such activation, and the trichloromethyl free radicals formed by this system stimulate peroxidative breakdown of microsomal lipids on the one hand and irreversibly bind to macromolecules such as lipids and proteins on the other. This may initially cause a decrease in microsomal enzyme activities including loss of cytochrome P-450 and related drug metabolizing enzyme activities and other cellular abnormalities, and it would finally lead to hepatic cell necrosis and fatty infiltration (1-3).
CCI4 hepatotoxicity is reported to be enhanced in phenobarbital (PB)-pretreated animals (4-8), but rather suppressed by 3 methylcholanthrene (3-MC)-pretreatment (6, 7, 9). Destruction of total cytochrome P 450 and covalent binding of CCI4 to micro somal lipids following CCI4 administration are also greater in PB-treated rats than in 3 MC-treated rats (10). In addition, Head et al. (11) and Noguchi et al. (12) reported that the PB-induced cytochrome P-450 component, but not that appearing after 3-MC induction (11), was diminished following CCI4 treat ment. Noguchi et al. (13) further showed that the PB-inducible form of cytochrome P-450 was capable of generating the tri chloromethyl free radical in a reconstituted system. Thus, it appears that specific forms of cytochrome P-450 are responsible for bioactivation of CCI4 as well as destruction of the hemoprotein.
In the present study, we compared the activities of cytochrome P-450 and P-448 forms to produce CCI4-dependent lipid peroxidation and impairment of drug me tabolizing enzyme activities using a recon stituted monooxygenase system. Cytochrome P-450 and P-448 forms were purified from the livers of PB and 3-MC treated male Sprague-Dawley rats, respec tively, according to the method of Guengerich and Martin (14), and each major B2-fraction was used (hereafter referred to as P-450 (PB) or P-448 (3-MC)). Our final preparations of P-450 (PB) and P-448 (3-MC), containing 9 and 13 nmol of cytochrome P-450/mg protein, respectively, had the absorption maxima of the reduced cytochrome P-450 carbon monoxide complex at approximately 450.0 nm and 447.5 nm, respectively. By SDS-polyacrylamide gel electrophoresis, P 450 (PB) exhibited virtually a single band at about 51000 daltons, while P-448 (3-MC) showed a major band at about 55000 daltons and a minor 54000 dalton band. These values of optical characteristics and subunit molecular weights are within the range of several reported values (15) . We also purified NADPH-cytochrome P-450 reductase from P13-treated rats by the method of Guengerich and Martin (14), and we obtained a nearly electrophoretically pure product with a specific activity of 54 U/mg protein.
In the lipid peroxidation experiment, 1 nmol P-450 (PB) or P-448 (3-MC), 0.25 U NADPH-cytochrome P-450 reductase and 1 mg microsomal lipids, which were extracted from normal rat liver by the method of Bligh and Dyer (16) and were used as liposomes, were mixed beforehand and suspended in 0.1 M potassium phosphate buffer (pH 7.4) in a final volume of 1.0 ml. To this reconsti tuted monooxygenase system were added 400 ,uM NADPH and 5 mM CCI4 with a vigorous shaking in a 10-m1 capped test tube. After incubation at 37°C for 20 min, malondialdehyde (MDA) production was determined by the thiobarbituric acid method (17) . In another experiment, 2.5 nmol P-450 (PB) or P-448 (3-MC) and 0.5 U NADPH cytochrome P-450 reductase were mixed with 200 ,ag of lauryl lecithin (as liposomes) in a volume of 0.15 ml and then was sus pended in 0.1 M potassium phosphate buffer (pH 7.4) containing 50 fig/ml sodium deoxycholate, 0.1 mM EDTA and 15 mM MgCl2 in a final volume of 0.5 ml. To this solution were added 400 ,aM NADPH and 10 MM CC14 (as 5 M CC14 solution in methanol).
Control incubation mixtures received the vehicles alone. The test tube was capped and the ingredients mixed vigorously. After incubation at 37°C for 30 min, the reaction was stopped in an ice bath, and aliquots of the mixture were assayed for 7 ethoxycoumarin (EC) and 7-ethoxyresorufin (ER) 0-deethylase (18) , aminopyrine N demethylase (19) and aniline hydroxylase (19) activities according to the methods given in the references.
ER 0-deethylase activity is reported to be preferentially inducible by 3-MC in rats (20) .
As shown in Table 1 , CCI4-dependent MDA production, i.e., MDA production in the presence of NADPH and CCI4 minus that in the presence of NADPH alone, was much greater in the P-450 (PB)-embedded reconstituted system than in the P-448 (3 MC)-embedded one. This CCI4-induced lipid peroxidation was dependent on the concentration of P-450 (PB), and no MDA production occurred in the absence of NADPH-cytochrome P-450 reductase, as reported previously (21) . These observations are in agreement with the in vivo results of Pan[ et al. (7) that the lipid peroxidative phenomena in CCI4-intoxicated rats were enhanced by pretreatment with PB, while 3-MC had no effect. Lipid peroxidation in the presence of NADPH alone, i.e., in the absence of CCI4, was also higher in the P-450 (PB) embedded reconstituted system, which implies that different forms of cytochrome P 450 may have different potency in producing NADPH-dependent lipid peroxidation. In the next experiment, impairment of the monooxygenase activity by CCI4 was examined, in which lauryl lecithin liposomes were used in order to prevent destruction of cytochrome P-450 due to lipid peroxidation. Following the preincubation of the recon stituted monooxygenase system in the presence of both NADPH and CCI4, EC 0 deethylase, aminopyrine N-demethylase and aniline hydroxylase activities exhibited by P-450 (PB) were all decreased by 40-60%, whereas those activities exhibited by P-448 (3-MC) were not suppressed at all (Table 2) . Preincubation with NADPH or CCI4 alone had little effect. These observations, in accordance with the reports of Noguchi et al. (12, 13) , may suggest that the PB-inducible form of cytochrome P-450 is active in metabolizing CC14 to reactive trichloromethyl free radicals which impair the hemoprotein itself, whereas the P-448 form does not appear to be responsible for bioactivation of CC14. In terms of lipid peroxidation and bioactivation, the present results in vitro may also explain, at least partially, why PB pretreated rats are more susceptible to CC14 hepatotoxicity as compared to 3-MC pretreated ones (4-9).
On the other hand, carbon disulfide (CS2) protects against CCI4-induced hepatotoxicity in vivo probably by preventing the bio activation of CCI4 by the liver microsomal monooxygenase system (19) , since CS2 decreases the microsomal cytochrome P-450 content and the monooxygenase activity both in vivo and in vitro (19, (22) (23) (24) (25) .
In a similar reconstituted system to that used in the present study, however, P-448 (3-MC) was more susceptible to CS2-induced impairment than P-450 (PB) (Y. Masuda 
